The purpose of this study was to investigate a [., 1997). Sometimes parents may be reluctant the effects of a 4 week physiotherapy to put their children through the ordeal of programme on patients who were given a spinal operation. This is quite a significant percentage orthosis for neuromuscular scoliosis. This study even in developed countries (Cambridge and was planned as a single group pre-and post- Drennan, 1987). Although the authors were not intervention repeated measures design. All able to find statistical evidence to support this . Of evaluating the short term effectiveness Of both to reduce the compromising effect of an exercise programme given to minimise the orthosis on respiratory function and to s u p p o~ the patient's physical capacities.
patients were given a polyethylene spinal claim, it is a personal observation that this orthosis with an anterior opening. Fifteen (15) percentage is even higher in underdeveloped patients with neuromuscular diseases and a countries. In other instances, surgery may be mean age of 12.46 years were evaluated. An postponed until the results of a specific medical exercises programme consisting of postural treatment are obtained and sometimes the training, muscle strengthening and stretching condition of the patient may make surgery exercises with special emphasis on respiratory dangerous. In such cases, an attempt may be exercises was given as an adjunct to orthotic made to control the progression of the scoliosis treatment. The degree of impairment in forced with a spinal orthosis in the form of a vital capacity was 17.56% upon wearing an Polyethylene jacket. orthosis, it decreased to 9.28% following
The effect of spinal bracing on lung function therapy (~~0 . 0 5 ) .
There was also a statistically is important because any impairment of lung significant increase in muscle strength, balance function due to bracing may affect the child's duration a d a significant decrease in limitation ability to tolerate the jacket (Noble-Jamieson et of range of motion. The results of the study al.7 1986). imply that the conservative treatment of This study was undertaken in a group of 15 neurOmuScular scoliosis should include an children with neuromuscular scohosis with the exercise programme an adjunct to an orthosis,
Introduction
In children with neuromuscular scoliosis the preferred treatment is spinal surgery (Galasko adverse effects Of orthotic intervention.
Materials and methods
The subjects consisted of 7 girls and 8 boys with an age rage from 9 to Years and a mean Of 12*2 years. Four (4) of the Patients were diagnosed as having Friedreich's Ataxia, 3 muscular dystrophy* 'Ongenital myopathy and 2 Charcot-Marie-Tooth disease.
The subjects of the study were selected through sample of convenience amongst 28 ,411 ,-orrespondence to be addressed to Banu Bayw, 'pinocerebellar degeneration, B. Bayar, F. Uygur, K. Bayar, N . Bek and Y. Yakut patients with neuromuscular scoliosis referred to the orthotics and biomechanics department of a university hospital.
These patients were either not candidates for corrective surgery since the families had refused surgery or else their surgery had been delayed for at least one year due to medical problems.
Criteria for inclusion in the study were:
1.
2.
3.
4.

5.
6.
7.
patient acceptance and ability to comply with an exercise programme for the duration of 4 weeks; ability to ambulate independently within the community without the use of lower limb orthoses; having a single structural curve with an apex caudal to T9 so that a low profile moulded spinal orthoses could be used; diagnosis of neuromuscular scoliosis made according to the classification of Scoliosis Research Society (Bradford ef al., 1987; Winter, 1994) ;ability to sit independently without support from the upper limbs; cognitively able to participate in pulmonary function testing; having given informed consent to participate in the study. The patients were evaluated on admission to the study first without an orthosis, after 1 week with the orthosis; after 1 month of therapy with and without the orthosis. The evaluation included tests for muscle strength, range of motion, balance ability, pulmonary function, the degree of scoliosis. The same therapist performed each test without access to previous results to prevent any duplication or bias. Also, the tester was blinded to the fact that patients received a treatment programme.
The degree of scoliosis was determined by the Cobb angle. The pretreatment Cobb vdue was a mean of 41" (range 19-60).
Fifty-four (54) muscles of the trunk, lower and upper limbs were manually tested for strength on a scale ranging from 0 to 5. Zero meaning no muscle contraction and 5 moving the joint against gravity and receiving normal resistance (Daniels and Worthingham, 1972) .
Individual muscle grades were added to give a total muscle score for each patient. Since 54 muscles were tested a person with normal strength would receive a total muscle score of 270.
Forced vital capacity (FVC) was measured by an electronic spirometer. Before testing, the subjects' gender, age, height and weight were given to the spirometer. All patients underwent 3 trials while seated. The spirometer automatically evaluated the best of the 3 trials by giving its percentage to the expected value. Normal range of motion (ROM) was tested passively for all joints of the lower and upper limbs. When a limitation of movement was detected goniometric measurement was carried out. The degrees of limitation of each patient were added up.
For evaluating balance, patients were asked to stand eyes open on one leg for a duration of 60 seconds. The time when compensatory movements began, in the form of arm movements or body fluctuations, was determined by a chronometer.
The spinal orthoses were produced from a sheet of 6mm thick polyethylene. The distal part of the brace was cut high in front to permit normal sitting so as not to push upward when the hips were flexed 100". The posterior part of the section came down lower over the buttocks, so that when sitting on a hard chair the edges were about 2-3cm above the chair. The 3 point corrective system was incorporated into the contours of the orthosis. Since most children with neuromuscular scoliosis tend to stand and ambulate with a lumbar lordosis, unlike spinal orthoses for idiopathic scoliosis, no special attempt was made to eliminate this lumbar lordosis. Hence, it was possible to fabricate an anterior opening plastic brace on the positive cast of the patient in the best postural alignment achieved. Two Velcro straps were used for easy donning and doffing. Also a bolt was utilised to prevent distortion of the orthosis (Fig. 1) .
Patients wore their orthoses 8 to 10 hours during the day. The major complaint was heat retention, and perforating the orthosis decreased this problem. Patients were treated with an intensive physiotherapy programme consisting of postural training, muscle strengthening and stretching exercises with special emphasis on respiratory exercises 5 days a week for 4 weeks. Each session lasted for approximately 1 hour. In the analysis, the descriptive statistics used in the text and tables are meansf standard deviations (XfSD). Pre-treatment post-treatment and without/with orthosis comparisons were explored with Wilcoxon test.
Total muscle strength Limitation in range of motion (deg) Balance duration (sec):
On right foot On left foot
Results
The immediate orthosis induced correction of the Cobb angle averaged 20% (P<0.05). This decrease did not alter after the therapy programme (b0.05) (Table I) .
Spirometric measurements showed FVC to decrease by 17.56% upon wearing an orthosis. This decrease was only 9.28% after therapy. When analysed statistically the increase attained in FVC with therapy while wearing an orthosis was found to be significant (P<0.05). This increase was not significant for FVC without an orthosis (-0.05) ( Table I) .
The mean of total muscle score measuring strength of 15 patients was 193. Following 4 weeks of intensive therapy, total muscle score increased to 208. This increase was statistically significant in favour of post-treatment values (P<0.05) ( Table 2) .
The mean limitation of range of motion was 172" before therapy. This value decreased to 89" following therapy and was significant in favour of post-treatment values (p<0.05). Also a significant increase was seen in post-treatment balance duration (~~0 . 0 5 ) ( Table 2) .
Discussion
Neglect or inadequate treatment of neuromuscular scoliosis can have dramatic consequences including inability to sit and serious impairment of cardiorespiratory status (Zeller, 2000) .
The literature has many examples of good correction of the spinal curve in neuromuscular scoliosis with surgery (Galasko et al., 1992;  Ramirez ef af., 1997; Cambridge and Drennan, 1987; Hensinger and MacEwen, 1976; Maloney et al., 1990; Rideau et al., 1984) . In spite of a high complication rate in the operative management of neuromuscular scoliosis, surgery has resulted in an improvement in the quality of life of patients with neuromuscular scoliosis and is the preferred treatment (Ramirez et al., 1997; Benson et al., 1998) . Rideau et al (1984) also point to the danger of delaying surgical intervention with conservative management, thus permitting the restrictive lung syndrome to advance to the point that surgery will be contraindicated. In a retrospective review of 105 patients with DMD, Cambridge and B. Bayar, F. Uygur, K . Bayar, N . Bek and Y. Yakut Drennan (1987) found that spinal orthoses failed to control curve progression in 30 out of 32 patients who underwent orthotic treatment for their scoliosis. The authors claim that orthotic management may be inappropriate because curve progression is only slowed while the systemic manifestations of the disease continue and eventually the braced spinal deformity will progress rapidly and at this stage the patients may have become too medically debilitated for surgery to be performed. However Cambridge and Drennan report that they reserve orthotic management for patients whose families refuse surgery or whose medical condition precludes surgery at the time of initial evaluation at their hospital. They also recognise that there are extenuating circumstances that may lead to patients family deciding against surgery. The refusal rate is not low. In a group of 55 patients with DMD offered surgical stabilisation of the spine at Royal Manchester Children's Hospital, 32 accepted and 23 refused to undergo surgery (Galasko er al., 1992) .
Obviously the therapy of neuromuscular scoliosis has to be tailored to the needs of the individual patients (Letts et al., 1992) . Yet, brace treatment will impair already compromised pulmonary function (Noble-Jamieson et al., 1986; Riftis et al., 2003; Miller et al.. 1996; Young et al., 1984) . In a study aiming to evaluate and compare two spinal braces for DMD the authors found that there was a reduction in an already low FVC upon wearing spinal braces but the study did not give numeric values on the degree of reduction in FVC (Young et al., 1984) .
It is the authors belief that efforts to conservatively treat neuromuscular scoliosis should encompass a series of pulmonary exercises aiming to minimise the adverse effects of a brace. The long term effects of pulmonary rehabilitation have been studied in various patient groups and significant improvements were found in all outcome measures of exercise capacity (Cambach et al., 1999) .
In this reported study, following therapy there was improvement in FVC values when not wearing the brace: but it did not reach statistical significance. The statistically significant improvement seen while wearing the brace suggests that the major effect of exercises was breathing control and learning to cope with the restrictive effect of the brace.
In the present study the strength attained with four weeks of physical therapy reached statistical significance. The therapy programme also had significantly positive effects on range of motion and balance. A longer follow-up period for evaluation was considered but decided against, as it would not be possible to eliminate the progression effect of the neuromuscular disease on this assessment.
Because of the small number of patients and short time period no definite conclusions can be formulated from these preliminary data but until that experience is available integrating breathing exercises into a physical therapeutic programme using spinal braces for neuromuscular scoliosis appears worth pursuing.
